Abstract. The effects of extracellular inositol and LiCl on intra-islet inositol cycling were investigated in isolated rat islets. Islets were cultured for 7 days in inositol-free RPMI 1640 containing 11.1mM glucose and labeled with 3.7 MBq myo-[2-3H] inositol for the final 3 days. The labeled islets were then perifused under various conditions. There was a persistent increase in [3H] efflux from labeled islets stimulated with 16.7mM glucose for 60 min. Addition of 5mM inositol resulted in marked release of [3H] from islets and a decrease in radioactive inositol-lipid. When islets were perifused with 5mM LiCl, the glucose-induced efflux of [3H] was greatly inhibited. The inhibitory effect of LiCI on [3H] efflux was partially corrected by the addition of 5mM inositol. A prominent effect of LiCl was an increase in inositol monophosphate, indicating increased phospholipase C activity. This was detected within 5 min after glucose stimulation. The present data suggest that there is always very active intra-islet inositol cycling and that glucose can augument inositol-lipid metabolism.
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IT HAS been suggested that phosphoinositide (PI) hydrolysis in pancreatic islets plays an important role in regulating glucose-induced insulin release [1] [2] [3] . Diacylglycerol activation of protein kinase C results from PI breakdown. Another important second-messenger molecule, inositol-1, 4, 5-trisphosphate, has been implicated in the mobilization of intracellular calcium [4, 5] Up to now, very few studies have tested whether inositol cycling lasts as long as insulin secretion occurs. Previous studies [6] [7] [8] showed that [3H] inositol-labeled islets fail to continue efflux of [3H] while high concentrations of glucose are present in the perifusate.
In this context, the observation described by Clements and Rhoten [6] that glucose-induced
[3H] efflux is transient and disappears before the second phase of insulin secretion, suggests that their labeling technique may have failed to equilibrate inositol lipid in the islets.
Axen et al. [7] indicated that only 53% of the effluent radioactivity was free inositol and that the rest was present in some of the phospholylated components. This finding is in agreement with earlier observations by Clements et al. Thus, their labeling method .might be inapproriate for labeling the insoitol pool in the islets. We therefore investigated the effect of chronic labeling of islets with radioactive inositol on glucose-induced [3H] efflux. To clarify intra-islet inositol cycling in the various conditions, the effect of LiCl (5mM) and exogenous inositol (5mM) was also studied, since Zawalich et al. [9] showed that the addition of LiC1 inhibits insulin release and that such inhibition is relieved by the addition of exogenous inositol. The present data indicate that LiCl and inositol profoundly alter inositol cycling in rat pancreatic islets.
Materials and Methods

Prelabeling of islet phospholipids
Islets from fed female Sprague-Dawley rats were isolated by collagenase digestion [10] ity was examined ( Table 2 ). The fraction of islet radioactivity present in the form of a water-soluble fraction was substantially smaller, i.e., 14.5%, when prior perifusion was inositol-free than when inositol was present, in which case the watersoluble fraction averaged 23.3% of total radioactivity (p<0.01). When the two basal conditions are compared, it is suggested that there is some inositol recycling even under basal conditions. Analysis of the water-soluble fraction showed that the major products are free-inositol, glycerophosphoinositol (GPI) and inositol monophosphate (IMP) both in the presence and in the absence of 5 mM inositol: Free inositol was 12% higher in the presence of inositol (p<0.05).
In an earlier perifusion study, 5mM inositol was employed throughout perifusion. As shown in Fig.  3 , [3H] efflux remained low during perifusion when 2.8mM glucose was present in the medium. When glucose concentrations were increased to 16.7mM, [3H] release gradually increased and continued throughout the period of stimulation. When islets were challenged with 16.7mM glucose and 5mM inositol after basal perifusion without inositol, a significant rise in [3H] release occurred (Fig. 4) . The magnitude of [3H] release was much greater in the presence of inositol than that in the absence of inositol during the stimulation period.
The total [3H] efflux during the 40 min stimulation period was expressed as E40 efflux (Table 3) . Efflux data indicated again that there is a much greater output of [3H] in the presence of 5mM inositol than in inositol-free media. When islets were stimulated with 16.7mM glucose under inositol-free conditions, total inositol lipid was reduced by 14.7% of t0. On the other hand, a 33.3% reduction in PI occurred in the presence of inositol, and this reduciton in inositolphospholipid accounts for the increase in outflow of [3H], since the water-soluble fraction under the perifusion conditions examined did not change significantly. When inositol was present throughout perifusion, loss of [3H] from the inositol lipid fraction was less (26.5% of t0) than when inositol was added only during the stimulation period (33.3% of t0). This seems to agree with the finding that glucose-induced efflux of [3H] is enhanced more drastically in the presence of inositol only during the stimulation period and not throughout perifusion. Glucose stimulation did not have any significant effect on water-soluble products when islets were perifused in inositol-free medium ( Table 4) .
The next set of perifusions was performed in order to determine the effect of LiCl on glucoseinduced [3H] efflux. As shown in Fig. 4, [3H] release was reduced in the presence of 5mM LiC; and total 40-min [3H] efflux decreased to 49.3% (Table 3) . In contrast, when 5mM inositol was present in the perifusion medium, LiC1 was less effective in inhibiting [3H] release. The most significant effect of LiC1 was a 61.4% increase in the water-soluble fraction when compared with 16.7mM glucose alone. This increase in the water-soluble fraction was accounted for by the increase in IMP as summarized in Table 4 . As radioactivity decreased only gradually, the effect of LiC1 was apparent within 5 min after stimulation (Fig. 5) . Analysis of water-soluble components clearly demonstrated an effect of LiC1, indicating a decrease in free inositol and a marked increase in IMP.
Discussion
These studies demonstrate that there is very active intra-islet inositol cycling. The efflux of [3H] from islets was studied both in the presence and (Tables 1 and 2 ). When islets were stimulated with glucose under inositol free condition, in other words, in inositol starvation, the efflux was very small and reduction of inositol lipid was only 14.7% of to (Tables 2 and  3 ). These observations indicate that changing patterns in the outflow of radioactivity from prelabeled islets is an indication of the magnitude of the recycling process.
The next set of experiments was performed to see what pathway would be activated when PI turnover was stimulated. At this point, we used LiC1 as a tool to prevent inositol recycling, since Berridge et al. [ 12] clearly demonstrated such an effect in the salivary glands. As shown in Fig. 4 (Table 4 ). Thus, it is possible to unequivocally demonstrate the presence of phospholipase C activity in the islets. However, the degradation product is usually cleaved so rapidly that the pool is very small except when blocked by the pharmacological technique which LiCl provides. As shown in Figure 5 , IMP increased dramatically in the presence of LiC1 within 5min after stimulation. This was associated with the peak of the first phase of glucose-induced insulin release (data not shown). Since the dead space of our perifusion system is 2.7 ml, significant hydrolysis of PI already occurred within approximately 3 min. These data provide unassailable evidence that some breakdown had occurred. It may well be the most sensitive index for determining the magnitude of IMP production reflecting the hydrolysis of PI. In other words, IMP can be used as index of inositol lipid hydrolysis.
We were unable to document any precise functional role of intra-islet inositol cycling in regulating insulin release. Recent data from many laboratories, however, indicate a high association of lipid inositol with B cell recognition and processing sites as well as possible recycling of this inositol during glucose-stimulation [ 13] . Further work is obviously necessary to resolve the mechanism underlying PI metabolism in the pancreatic islets. 
